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Abstract—The explosion of IoT devices and sensors in recent
years has led to a demand for efficiently storing, processing and
analyzing time-series data. Geoscience researchers use time-series
data stores such as Hydroserver, VOEIS and CHORDS. Many of
these tools require a great deal of infrastructure to deploy and
expertise to manage and scale. Tapis’s (formerly known as Agave)
platform as a service provides a way to support researchers in
a way that they are not responsible for the infrastructure and
can focus on the science. The University of Hawaii (UH) and
Texas Advanced Computing Center (TACC) have collaborated
to develop a new API integration that combines Tapis with
the CHORDS time series data service to support projects at
both institutions for storing, annotating and querying time-series
data. This new Streams API leverages the strengths of both the
Tapis platform and CHORDS service to enable capabilities for
supporting time-series data streams not available in either tool
alone. These new capabilities may be leveraged by Tapis powered
science gateways with needs for handling spatially indexed time-
series data-sets for their researchers as they have been at UH
and TACC.

Index Terms—API, CHORDS, science gateway, streaming data,
Tapis, time-series.

I. INTRODUCTION

The explosion of IoT devices and sensors in recent years
has lead to a demand for support of storing, processing
and analyzing time-series data. Further, as more ML and
Al systems are developed and come online the need for re-
enforcement data and dataset that can be used for training
as well as input for driving events is increasing. A number
of technologies have sprung up for storing large amounts of
log data (Elasticsearch, Splunk,Apache Flume) and process
data streams (Apache Kafka, Apache Storm, Apache Fink).
Geoscience researchers have been using time-series data stores
such as the Hydroserver [1],Virtual Observatory and Ecolog-
ical Informatics System (VOEIS) [2] and the Cloud-Hosted
Real-time Data Service (CHORDS) [3] for years. Many of
these tools can be powerful but also require a great deal of
infrastructure overhead to deploy and expertise to manage and
scale.
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To support streaming data for science, UH and TACC have
developed APIs and infrastructure, the Streams API, to enable
the integration of streaming data workflows, storage and
retrieval with temporal and spatial support. These features pave
the way to automated data stream processing workflows upon
ingestion and integrate metadata for organization and robust
data curation needed for dissemination and wider research
community discovery and re-use. In this paper, we present
our work to integrate existing CHORDS services to support
streaming sensor data in Tapis [4], [5]. We start with an
overview of Tapis metadata/data features and CHORDS and
look at the synergy that can be enabled. We then present
our new proof of concept for the Streams (Tapis-CHORDS
integration) API and discuss the performance, challenges and
opportunities.

II. BACKGROUND

A. Tapis

Tapis is an open source, platform-as-a-service for hybrid
cloud computing, data management and reproducible science.
Tapis uses standards-based technologies and community pro-
moted best practices to enable users to run code, manage data,
collaborate meaningfully, and integrate anywhere. Tapis has
been in production as the middleware that currently powers
a number of community science gateways. Tapis is a multi-
tenant, cloud-native distributed system. All services within
the platform run as Docker containers, orchestrated as a
single microservice architecture. The platform can be viewed
as three logical tiers: platform services, science APIs, and
support services. Platform Services contain services providing
identity and API management, client registration, tenant admin
services, and documentation. Science APIs contain the primary
Science as a Service (ScaaS) functionality used to power
science gateways such as data and job management, app
publishing, notifications, etc. This tier is further divided into a
frontend collection of loosely coupled services, microservices,
and backend service workers. The microservices serve the user
HTTP requests to the REST APIs, and service workers handle
processing of asynchronous requests such as data movement



and app publishing. Support services include databases, mes-
sage queues, caches, object stores, service discovery, notifi-
cation relays, and websocket proxies. A tenant represents a
group of users, applications, and entitlements. Each instance
of Tapis can support one or more tenants. Individual tiers
and microservices can be replicated, configured, and scaled
in support of a specific tenant, or shared to better leverage a
single, consolidated resource footprint.

B. CHORDS

CHORDS is a real-time data services infrastructure that
provides an easy-to-use system for acquiring, navigating and
distributing real-time data streams via cloud services and the
Internet. CHORDS can lower the barrier to these services for
small instrument teams, employ data and metadata formats
that adhere to community accepted standards, and broaden
access to real-time data for the geosciences community. The
CHORDS Portal is a Ruby on Rails web application and
database that accepts real-time data from distributed instru-
ments, and serves the measurements to anyone on the In-
ternet. The data streams are pushed to and pulled from the
CHORDS portal InfluxDB store using simple HTTP requests.
Management tool allow users to monitor remote instruments,
ensure correct operation, and maximize data collection. A
rolling archive enables scientists and analysts to easily fetch
the data in real-time, delivered directly to browsers, programs
and mobile apps.

C. Motivation

The need to integrate existing CHORDS services to support
streaming sensor data in Tapis, emerged at the 2018 work-
shop for the EarthCube Research Coordination Network for
Intelligent Systems for Geosciences (IS-GEO RCN) to address
the use cases from various domain scientists in data science,
geoscience and informatics, particularly at UH and TACC. UH
data scientists want the ability to develop reproducible novel
ML/AI models that leverage advanced CI to analyze big data,
streaming data and produce secondary data and knowledge
products. Similarly, the Planet Texas 2050 group at TACC
wish to leverage spatially dense and ever-increasing tem-
poral datasets generated by Arduino-based microcontrollers
as ground-truth inputs for integrated models of water-land-
atmosphere-urban systems. Deployments collect hydrological
and atmospheric measurements to feed models describing
various processes related to flooding and aquifer recharge.
Tapis-Chords integration stemmed as common solution to both
institutional use cases.

III. EARLY ADOPTERS/USE CASES
A. Tke Wai Project

The Tke Wai Gateway, water science gateway developed at
the University of Hawaii (UH), Ike means knowledge and
Wai means water in Hawaiian [7]. The gateway supports
research in hydrology and water management, providing tools
to address questions of water sustainability in Hawaii. The
gateway provides a centralized web based user interfaces and

APIs supporting multi-domain data management, computation,
analysis and visualization tools to support reproducible sci-
ence, modeling, data discovery and decision support for the
Hawaii EPSCoR Ike Wai research team and wider Hawaii
hydrology community. By leveraging the Tapis platform, UH
has constructed a gateway that ties data and advanced com-
puting resources together to support diverse research domains
including microbiology, geochemistry, geophysics, economics
and humanities, coupled with computational and modeling
workflows delivered in a user friendly web interface and
REST APIs (Fig 1). The Ike Wai project has deployed a
number of sensors for measuring wells, rainfall and submarine
groundwater discharge. Researchers desire the ability to access
some of the data in real-time and in a serialized, queryable
manner. Current support for these data is via annotated log files
and spreadsheets and data extraction of particular measurement
types, for instance chloride concentration, requires manually
performing ETL workflows to create the desired dataset that
spans multiple spatial locations. The ability to subset and
combine data across distributed spatial locations is a must for
groundwater modeling and investigations.

B. Planet Texas 2050

By the year 2050, the state of Texas is forecast to in-
crease in population from 28 million to nearly 55 million
residents. As a result, the effects of present utilization in the
sustainability of natural resources (water, energy, and land-use)
must be modeled and made available to policymakers. The
Planet Texas 2050 (PT2050) project is designed to address
knowledge and information needed to inform and support
resilient responses in the face of identified vulnerabilities. The
DataX Science Gateway, built on Tapis, is in development as
part of the PT2050 initiative, to provide a platform through
which scientists, data analysts, and policymakers collaborate
to generate cross-disciplinary environmental models. The sci-
entists and analysts creating the hybridized models will have
unique access to both datasets, workflow generation tools, and
collaborators historically partitioned across disciplines. The
DataX Gateway enables the ingestion, data transformations
and composition of integrated models. Core capabilities within
the data portal include tools for assimilating disparate datasets,
pre-processing data sources for inclusion in integrated models,
and sharing through the community with access to large scale
resources including storage, and computational capabilities at
the Texas Advanced Computing Center. Generally, integrated
models use static datasets. The purpose of this research was
to explore a method by which real-time in-situ environmental
edge monitoring systems could stream data into backend mod-
els for processing. The real-time data serves as a groundtruth
source of information for models and expands the spectrum
of possible use cases the DataX Gateway could support.

IV. IMPLEMENTATION

A. Tapis Metadata Changes

Tapis’s Metadata service utilizes MongoDB as the database
for storing metadata JSON documents in a Mongo collection
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Fig. 1. ’Ike Wai Gateway Example Screenshot - Spatial Search example with
the integration of time-series data results in the “Timeseries Observations”
using the Streams API.

called “Metadata”. MongoDB offers geospatial support for
data stored as GeoJSON objects. In order to leverage this
capability for Tapis we needed to do two things. First a
JSON field that would contain the information needed to be
established and standardized on for storing any GeoJSON
information for a piece of metadata/data. Second, a 2dsphere
index needed to be created within the Tapis MongoDB “Meta-
data” collection that uses the established field, thus allowing
MongoDB to support complex geospatial queries across all
JSON documents that contain the field. For the Tapis platform
instance at UH we standardized on a field id of “value.loc”,

“loc” being short for location. The value field is what Tapis
uses to store user defined data information within a Metadata
document, so all user defined fields are child fields of “value”.
With this straightforward modifications to the Tapis MongoDB
the existing Metadata API functions and queries worked
with no further changes necessary. The queries for searching
on spatial Metadata conform to standard MongoDB spatial
queries and could easily be utilized in the Tapis Metadata API
GET requests.

B. Streams API

To integrate the CHORDS streaming data services into
Tapis an additional API, called the Streams API was built
using NodeJS to provide a REST service and the logic to
combine the strengths of Tapis and CHORDS [6] (Table I).
This new API, wraps the CHORDS data object APIs with
logic that leverage the Tapis authentication and authorization
services to allow multi-user, multi-permission and multi-tenant
capabilities for the streaming data (Fig 2). The Streams API
is designed to be integrated directly into Tapis utilizing the
Authentication and Authorization services and requiring a
Tapis API token to accompany any request. The Streams API
service utilizes an administrative account to the CHORDS
service which acts as the service account for all metadata
and data. The segregation of metadata and data across Tapis
tenants and users is enabled by using the Tapis metadata
services internal permissions to restrict access, allowing a
single CHORDS service to serve multiple tenants.

C. Metadata and Data Management

The Streams API service checks Tapis’s internal permissions
service to ensure the user is authorized for the requested ac-
tions. Once a user is authenticated and authorized the Streams
API service moves forward with the requested actions, in the
case of metadata object creations (i.e. site, instrument, vari-
able) the service creates a CHORDS metadata object and then
creates a Tapis metadata object that references the CHORDS
object (Table I). The metadata objects are hierarchical with the
site being a the top of the hierarchy and instruments belonging
to a site and the variables belonging to an instrument. This
linked metadata architecture enables the simple expansion of
metadata using the Tapis metadata JSON document objects as
well as advanced Tapis querying that includes spatial queries
for the spatially indexed site metadata objects. Insertion of
streaming data measurements uses the Tapis authentication
and authorization services and metadata permission checks to
ensure the user has been authorized for write access to the
requested instrument. Upon verification the data is inserted
into the CHORDS database. The Streams API support queries
for measurements once authorization is established the the
CHORDS service is accessed to return data in one of the
supported GeoJSON or GeoCSV formats.

D. Local site implementation

Deploying the Streams API service requires an existing
Tapis platform deployment to utilize, which does not have
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TABLE I
STREAMS API ENDPOINTS
Name Method & Endpoint Description
Site GET, POST streams/v2/sites Geographical location which may host one or more instruments
Instrument GET, POST streams/v2/instruments A source of related measurements
Variable GET, POST streams/v2/variables A particular measurement made by an instrument
Measurement | GET, POST streams/v2/measurements A single observation of a variable

to be local, and a CHORDS service stack (CHORDS web
application, MYSQL, INFLUXDB, NGINX). The UH and
TACC implementation have deployed the CHORDS stack
and Streams API as docker containers. The UH and TACC
implementations have the CHORDS services configured as
only accessible to the Streams API service to protect the data,
this allows security to remain at the Tapis level when the
Streams API service is configured as part of the TAPIS API
management system, which sits in front of all the Tapis APIs.

V. PERFORMANCE BENCHMARKING: STREAMS API

To demonstrate the feasibility of using the Streams API for
handling and querying time-series data, we measured the per-
formance metrics, accuracy and latency for data ingestion and
fetch using Streams API. We compare it with the same metrics
obtained with an out-of-box installation of the CHORDS
server. For our experiments, we stood up a CHORDS server
on a virtual machine with 6 cores and 4GB of memory,
running CentOS. The CHORDS web-application, along with
other components from CHORDS stack like, Grafana (graph-
ical dashboard for data visualization),InfluxDB, MySQL and
Kapacitor run inside separate Docker containers on the VM.
We chose to install CHORDS version 0.9.7.1, available at the
time of the experiments. Administrative account, user roles
and an API security key settings are configured from the
CHORDS portal. First, we derive the performance data for
CHORDS server. HTTP POST and GET requests to create and
fetch measurements for a specific instrument id are directly

TABLE 11
PERFORMANCE BENCHMARK: DATA INGESTION
Service Number of | Data Accuracy | Avg. request
POST requests | (%) response time
per test run (seconds)
CHORDS| 100 100 0.11
CHORDS| 200 100 0.11
CHORDS| 500 100 0.12
Streams 100 100 0.65
Streams 200 100 0.6
Streams 500 100 0.6

sent to the CHORDS server. Eight measurements including,
wind direction, wind speed, wind max, temperature, humidity,
pressure, rain total and battery are created with every request
and data is stored in the CHORDS database with date and
time annotations. Data accuracy and average response times
for data ingestion for 100, 200 and 500 sequential HTTP POST
requests is as shown in Table II. Table III provides average
response time to fetch about 16000 measurements with every
GET request.

Next, to ensure that adding an additional wrapper to the
CHORDS data object is performant and accurate, we con-
ducted performance benchmark tests on Streams API while
doing data ingestion and fetch operations. HTTP POST and
GET requests to create and fetch the measurements were made
using the streams/v2/measurements end point along with the
associated instrument uuid (stored in the Tapis Metadata).



TABLE III
PERFORMANCE BENCHMARK:DATA FETCH

Number of GET re- | Avg. request | Avg. request

quests per test run response time | response time
CHORDS (seconds) STREAMS(seconds)

100 0.61 0.98

200 0.67 1.0

500 0.64 0.91

Requests included an authorization header with a Tapis API
token for the user from TACC tenant. Data accuracy and
average request response time for 100, 200 and 500 HTTP
POST and GET requests using the Streams API is provided
in the Table II and Table III respectively.

The comparison of the Stream API performance to the base
CHORDS service appears to be consistent when handling
many insertions and fetch. The average CHORDS measure-
ment insertion request processed in 0.12 seconds for 500 serial
insertions submitting as fast as the script could execute curl
calls asynchronously (Table II). The Streams API averaged
0.48 seconds longer than the base CHORDS service under the
same conditions (Table II). A request to the Tapis metadata
service on average requires 0.42 seconds, which accounts for
the extra authentication and permissions overhead validation
in the Streams API. Similarly, the fetch request with CHORDS
were processed in 0.64s for 500 serial requests, whereas
the Streams API averaged 0.27 seconds longer (Table III).
Handling parallel request is standard for web services so
the additional overhead in the Streams API is not seen as
detrimental at this early junction. The Ike Wai and DataX
gateways use cases both have sensors that submit at a rate
of 1 measurement per second or less, so the current proof of
concept solution is performing within those parameters and
has revealed no issues.

VI. FUTURE WORK
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Fig. 3. Tapis workflow diagram illustrating support for actor and application
integration streaming data workflows.

The current Stream API release supports basic support for
streaming data storage, retrieval and querying, however there

are additional opportunities that are available with Tapis. One
future feature will be the ability to register an Abaco [9],
[10] application to preform automated processing upon data
ingestions. This feature would open up a host of possibilities
for supporting automated monitoring, pre-processing, compu-
tational workflows and machine learning opportunities (Fig 3).

VII. CONCLUSION

The new Tapis Streams API that integrates CHORDS ser-
vices in a functional infrastructure solution that successfully
supports streaming data for research currently supporting two
production science gateways.
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